his own expired gases. The spirometer was primed with a 5% carbon dioxide-in-oxygen mixture and the Pco, then checked to ensure that it was close to 40 mm Hg. The use of an oxygen-rich mixture ensured that hypoxia did not contribute to alterations in ventilation.
The subject was tested in the supine position. Activity was minimal throughout the study. Subjects were starved on the day of the study but were allowed a cup of coffee immediately after the +180 minute test. The nose was occluded and the subject allowed to breath through the machine mouthpiece for some minutes to ensure a resting respiratory status. After switching to the spirometer circuit at the conclusion of a maximal expiration, a kymograph recording of ventilatory changes was undertaken while 20 ml samples of circulating gas were taken for determination of mixed expired carbon dioxide tension (P E C0 2 ) at 60 second intervals. Rebreathing was continued for up to five minutes which usually resulted in a final expired minute volume (~TE) of greater than 20 litres. Carbcn dioxide samples were analysed on a H.adiometer blood gas system using a Severinghaus carbon dioxide electrode calibrated repeatedly against reference gases. Expired minute volume was calculated from the kymograph tracing and converted from ATPS to BTPS values. A plot of VE against P E C0 2 was obtained for each test with the slope being determined by linear regression analysis using the method of least squares. In each subject, two control tracings for the response to carbon dioxide were determined. Rebreathing over this period resulted in an increase of carbon dioxide from Anaesthesia and Intensive Care, T'ol. V, l,'o. 2, JIay, 1977 5 ·32 KPa (40 mm Hg) to about 8 ·67 KPa (65 mm Hg). Some 15 minutes later, the test drug was administered intravenously. The responsiveness to carbon dioxide was tested again at intervals of 30, 60, 90 and 120 minutes, and thereafter hourly for a maximum of six hours from drug administration.
Initially a group of subjects was tested with buprenorphine in a dose of 0 '1 mg, each subject receiving only a single dose. Subsequently a crossover study was carried out in three subjects who received morphine 2·5 and 5 mg and buprenorphine 0 ·5,0'1 and 0·2 mg in a random sequence. All drugs were given by intravenous injection. At least three days elapsed between consecutive studies in any sUbject. In addition, several subjects were tested for the variability of their ventilatory response to carbon dioxide over a period of some hours without the administration of any drug other than 0 '9% sodium chloride as an inert injection. The injections were given on a blind basis but subjects could readily distinguish between saline and an active drug and also between morphine and buprenorphine after they had received both. The doses chosen were towards the lower end of the analgesic range given in clinical practice. A vailable evidence from the manufacturers suggested that morphine 5 mg and buprenorphine 0·1 mg would produce a similar degree of analgesia.
RESULTS
The changes in the ventilatory response to carbon dioxide have been compared by observing the alteration of P E C0 2 from the mean of the control readings to that at a V E of 20 litres/m in BTPS. In addition the regression line plotted for the change of VE for a given rise in PEC0 2 was expressed as the slope in litres/minute/KPa. Decreased sensitivity of the respiratory centre to carbon dioxide is represented by a positive change in the PilC02 at VE 20 litres/minute and by a decrease in the slope of the regression line. Table 1 shows the shift of the response in three patients who had measurements taken over a period of time following 0'9% sodium chloride administration by intravenous injection at the start. It can be seen that ch:mges from the initial values for P E C0 2 at VE 10 litres/ minute were insignificant, ranging from +0'06 KPa (+·5 mm Hg) to -'15 KPa (-1'0 mm Hg).
The first part of the study was undertaken to establish the effects of buprenorphine 0·1 mg intravenously in a group of subjects each of whom participated only once in the study. The results are also shown in Table 1 . The response to carbon dioxide rebreathing was followed for 180 minutes from drug administration_ 
Anaesthesia and Intensive Care, Vol. V, No. ?, May, 1977 The maximum effect of buprenorphine was observed at about 90 minutes from drug administration when the mean carbon dioxide response line in four subjects (at 20 litres/ minute BTPS was shifted 1 ·16 KPa in a positive direction (reduced sensitivity). At the same time the slope of the response line was reduced from its" initial" value of 12· 23 litres/minute/ KPa change of PliCO 2 to between 8· 25 and 10 litres/minute/KPa change for the remainder of the study period. Both the positive shift of the carbon dioxide ~esponse line and the reduction in slope of that line were statistically significant by Student's t test at times from 30 to 180 minutes from drug administration. Assessment of results by analysis of variance showed that the change between samples during the study period in both ventilation and slope was significant (P <0 '01). Table 2 sets out the results of the crossover study in which two doses of morphine and three doses of buprenorphine were compared in three SUbjects. All doses of buprenorphine and morphine produced a shift of the carbon dioxide response line in a positive direction indicating reduced responsiveness (Figure 1 ). I t should be noted that the degree of shift did not correlate with the dose given, the mean shift of response being greater with 0 ·05 mg than with 0·1 mg at all times through to 240 minutes from drug administration. The change in slope of the response line to buprenorphine also failed to show dose-related changes, but with all doses there was a reduction in the slope of the response line (Figure 2 ). Statistical examination of results by analysis of variance showed that the displacement of the carbon dioxide line produced by buprenorphine 0 ·05 mg was not significant. This was because of a wide range of values within the samples in this Anaesthesia and Intens.'ve Care, Vol. V, No. 2, May, 1977 part of the study. The change of position and slope of the carbon dioxide line was significant for the remaining buprenorphine results but not for the two doses of morphine. On examining the shift of the carbon dioxide response line at VE 20 litres/minute, the peak effect was at 60-90 minutes from drug administration with sustained depression of ventilatory drive for more than 300 minutes. By comparison the effects of morphine 2·5 mg and 5 mg were less than those of buprenorphine in any dose both in terms of effect on position and s10pe of the response line. 
DISPLACEMENT OF CARBON DIOXIDE RESPONSE

SLOPE OF CARBON DIOXIDE RESPONSE LINE
DISCUSSION
The rebreathing technique was developed by Read (1967) who carried out a number of studies to compare its validity with other methods of evaluating the carbon dioxide respiratory stimulus response. They involved direct arterial blood sampling or steady state ventilation during the rebreathing of different carbon dioxide concentrations. With Read's technique, an equilibrium is rapidly reached between the P co , of mixed venous blood, arterial blood and end expiratory gas. Irsigler (1975) stated that the difference between inspired and expired carbon dioxide gas tensions rapidly decreased after commencement of the test sequence and was negligible after 90 seconds. At the time this study was performed, it was not possible to sample end expiratory carbon dioxide. Subsequently a comparison of the measurements of mixed expired carbon dioxide taken by the method described before and end expiratory carbon dioxide using a Bechman LB2 infra-red analyser was made. There was a continuing difference between mixed expired carbon dioxide and the end expiratory value. The latter value was from 0 ·3-0·2 KPa higher than the mixed expired value. As this difference was similar both before and after drug administration, the effect on shift of the carl)on dioxide response line and its slope was minimal. Examination of the stimulus response lines obtained from the early part of the study showed that the first sample point (at 30 seconds from commencement of rebreathing) was closer to the linear regression line of carbon dioxide against ventilation when care had been taken to establish the inspired Pco, at [)·3 KPa. This allowed quicker equilibration of the spirometer gas with the subject's alveolar gas and arterial blood. When equilibrium was close, the exchange of carbon dioxide from pulmonary capillary blood to alvecli down the concentration gradient was greatly reduced and expired carbon dioxide closely paralleled arterial and ultimately medullary carbon dioxide tension. At this stage the change in mixed expired carbon dioxide tension was not affected by rate or depth of ventilation and was substantially a function of metabolic carbon dioxide production. A comparison of the control values for ventilation and for slope was carried out in each of the three subjects in the crossover study. This showed a reasonable degree of consistency behveen each of the subjects during the period of three months over which the study was conducted. In addition, studies of the carbon dioxide stimulus response over a period of 180 minutes in subjects not affected by any drug showed only minimal variation in the levrls of ventilation and of slope of the carbon dioxide stimulus response curve. I t wa~i noted that these variations were within the accuracy of the methods used in measuring ventilation· and [lcu, and that they were sigriificantly smaller than the changes measured in response to the majority of drug treatments. Thus, changes in carbon dioxide response were substantially rrlated to drug administration.
The Severinghaus carbon dioxide electrode used in the study \\·as part of a Radiometer B:\\S:{ l\\ark ~ system. The reference gases used contained :3· ;-) and 1()'; 0 carbon dioxide. .\s suggested by Cralllpton Smith and Halm (Ufjii) the electrode was exposed to the :3·[)~/() carbon dioxide gas except when samples were being measured. This ensured a stable and reproducible electrical output and implied a high degree of measurement accuracy. Some gas samples were checked against an accurately calibrated mass spedrometer (Perkin Ellmer MGA 1:300A). Values obtained by these two systems were within 0 ·;3 KPa on all occasions.
In addition, one suhject had simultaneous samples of expired gas and arterialized venous blood analysed for carbon dioxide. Again there was agreement to within 0 ·:3 K1'a. It was therefore felt that the simple method of analysis used in thi" study was sufficiently accurate to enable comparison of the ventilatory response to carbon dioxide under the conditions of the protocol used.
The study has shown that buprenorphine depresses the ventilatory response to carbon dioxide to a significant extent in healthy volunteer subjects. However, there are discrepancies between the results presented and those of Orwin and colleagues (HI76) who showed similar effects from buprenorphine ()·3 mg and morphine 1:2·5 mg when these were given by intramu,.;cular injection. The maximum displacement of the ventilatory response curve at ,; E ~O litres produced by buprenorphine 0 ·15 mg DI was ;3·47 mm Hg (0·4(; K1'a) whereas in the present study the maximum effect of buprenorphine 0·1 mg IV was a shift of 1·41 KPa (1 () ·6 m m Hg). Similarly the effect of morphine 5 mg intravenous in the present study was closer to that of morphine] 0 mg intramuscular in Orwin's study. Dripps and Comroe (19Mj) found that the maximum depression of respira~ion induced hy intravenous ana intramuscular morphine in equal doses was similar although the peak effect was earlier following the intravenous administration of the drug. It is likely that the difference between the results of the present study and that of Orwin, Orwin and Price (1976) was due to the small sample in the present study. Read (H)!)') has shown that there can be wide individual variations in the response to drug administration. The failure to separate the effects of buprenorphine 0 ·05 mg and (). I () mg and the apparently greater effect of the smaller dose should not be accepted without further stud\'. It can he stated that little is known of -the pharmacokinetics of buprenorphine in man. Xeyertheless previous studies with opioid antagonist drugs (Keats and Telforcl Hlliti) have shown that their effect on respiration is different fr0111 that of opioids such as morphine. \Vith opioid antagonists, there is a limit to the ventilatory depression achieved at high doses and it may be that this effed prevented the delineation of a dose response line for intrayenous huprcnorphine in the doses need.
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